Background While injuries in football (soccer) have been the subject of numerous publications, little information is available about the injury risk in futsal. Objective Analysis of the incidence and characteristics of injury in futsal players during top-level international tournaments. Design Prospective survey. Methods Player injuries during three consecutive Futsal World Cups were analysed using an established injury report system. The physicians of all participating teams reported all injuries after each match on a standardised injury report form. The average response rate was 93%. Results A total of 165 injuries were reported from 127 matches, which is equivalent to an incidence of 195.6 injuries per 1000 player hours (95% CI 165.8 to 225.6) or 130.4 injuries per 1000 player matches (95% CI 110.5 to 150.3). The majority of injuries were caused by contact with another player, and 36% of the injuries occurred during non-contact activities. Most injuries affected the lower extremity (70%), followed by head and neck (13%), upper extremity (10%) and trunk (7%). The most frequent diagnoses were contusion of the lower leg (11%), ankle sprain (10%) and groin strain (8%). On average, one time-loss injury in every two matches was reported. Conclusion While the location and diagnosis of injuries were similar in the two types of football, fewer injuries in futsal than in football were caused by contact with another player and by foul play. More information on injury mechanisms in futsal is needed to develop specifi c injury preventive interventions.
INTRODUCTION
Futsal is the fi ve-a-side version of football played on a smaller pitch and usually indoors. It is played by over a million registered players worldwide ( http://www.fifa.com/mm/document/fifafacts/ bcoffsurv/bigcount.summaryreport_7022.pdf ) and is a growing sport in many countries. It started in South America in 1930 and the fi rst World Futsal Championship was held 1982 in Brazil. Since 1989, a Futsal World Cup is organised by the Fédération Internationale de Football Association (FIFA). The important differences in the laws of the game between football and futsal are listed in table 1 .
A few scientific studies have been published on match demands and fitness parameters of futsal players. 1 -5 From the analyses of heart rates and time-motion during competitive matches, the authors concluded that futsal is a multiple-sprints sport with more highintensity phases than football. 4 While injuries in football have been the subject of numerous publications, 6 7 only two studies on injuries in futsal were found in the literature. 8 9 In a recent national survey on sports injuries in The Netherlands, 8 futsal was among the top 10 sports that contributed most to the absolute number of sports injuries and had the highest injury incidence per 10 000 h of sports participation (55.2; 95% CI 42.7 to 71.3). The injury rate was about 2.7 times higher than in football (20.3; 95% CI 18.4 to 22.4), but it seems that the populations participating in futsal and in football differed in age and gender.
Futsal is different from indoor football (indoor soccer), which is more common in the USA and Canada. The most important differences are that a team includes six players, and the ball can be played directly off the wall that surrounds the playing fi eld. Few studies on injuries in indoor soccer have been published. 10 -14 The comparison of injury rates in indoor and outdoor football had inconsistent results. 10 14 The aim of this study was to analyse the incidence and characteristics of injury during Futsal World Cups and compare the results with the equivalent outdoor tournament (FIFA World Cup TM ).
METHODS
The injury surveillance system applied is well established in international football 15 and other team sports 16 17 competitions. Since 1998 it has been implemented routinely in more than 40 international football tournaments. 15 18 -20 The injury defi nition and data-collection procedure are in accordance with the respective consensus statement. 21 An injury was defi ned as any physical complaint during a match which received medical attention from the team physician, regardless of the consequences with respect to absence from match or training. 21 The physicians of all participating teams reported all injuries after each match on a standardised injury report form. Details of the methodology are published elsewhere. 15 17 18 
Calculation of injury rates and statistical analysis
Injury rates were expressed per match, per 1000 player hours and per 1000 player matches. Player hours were calculated by multiplying the number of returned injury report forms by fi ve players by 40/60 h. Extra time and reduced numbers of players on the fi eld were not taken into account because only few matches went into extra time, and the exclusion of a player is a rare exception. 15 Injuries per 1000 player hours were calculated: number of injuries multiplied by 1000 divided by total player hours. Player matches were calculated by multiplying number of returned injury report forms by fi ve players. Injuries per 1000 player matches were calculated: number of injuries multiplied by 1000 divided by total player matches. For incidence rates, 95% CIs were calculated as the incidence ±1.96 times the incidence divided by the square root of the number of injuries. Statistical methods applied were frequencies, crosstabulations and χ 2 test. Signifi cance was accepted at the 5% level.
Tournaments
Three consecutive Futsal World Cups (2000, 2004, 2008) were included in the present study. These tournaments comprised 136 matches, equivalent to 906.7 player hours ( table 2 ). A total of 253 injury report forms, covering 843 player hours, were completed and returned. The mean response rate was 93%.
RESULTS
A total of 165 injuries were reported from the three tournaments, which is equivalent to an incidence of 1.30 injuries per match (95% CI 1.10 to 1.50), 195.6 injuries per 1000 player hours (95% CI 165.8 to 225.6) or 130.4 injuries per 1000 player matches (95% CI 110.5 to 150.3). The injury rate was similar in both halves, and in the fi rst and second 10 min periods of both halves.
Most injuries were caused by contact with another player, and 36% of the injuries occurred during non-contact activities. Less than half (46%) of the contact injuries (43 of 93), or 26% of all injuries, were caused by foul play based on the judgement of the team physician, but about two-thirds of these (27 of 43) were followed by a sanction of the referee.
The injuries affected the lower extremity (n=115; 69.7%) most frequently, followed by head and neck (n=21, 12.7%), upper extremity (n=17; 10.3%) and trunk (n=12; 7.3%). The body parts predominantly injured were knee (n=26; 15.8%), thigh (n=23; 13.9%), ankle and lower leg (each n=20; 12.1%). Most injuries were diagnosed as contusions (n=73; 44.2%), sprains or ligament ruptures (n=32; 19.4%) and strains or muscle fi bre ruptures (n=29; 17.6%). Seven injuries were diagnosed as concussion, three as ligament rupture in the knee, two as fracture (fi nger and foot) and one as a lesion of the meniscus ( table 3 ) . The most frequent diagnoses were contusion of the lower leg (n=18; 10.9%), ankle sprain (n=16; 9.7%) and groin strain (n=13; 7.9%).
Information in relation to time loss in sport was available for 138 (84%) injuries. At least 67 injuries (48.6%) were expected to prevent the player from participating in match or training. The incidence of time-loss injuries was 79.5 per 1000 player hours (95% CI 59.7 to 98.5), 53.0 per 1000 player matches (95% CI 40.3 to 65.7) or approximately one in every two matches. The most prevalent diagnoses of time-loss injuries were groin and thigh strains and ankle sprains (each n=8; 11.9%). 
DISCUSSION
This present study is the fi rst survey of the incidence and characteristics of injuries in top-level futsal players. The methodology applied is well established, and its strengths and weaknesses have been discussed previously. 15 18 During the three recent FIFA Futsal World Cups, the team physicians reported 165 injuries, equivalent to 195.6 injuries per 1000 player hours (95% CI 165.8 to 225.6). This injury rate was 2.6 times higher than the average of the FIFA World Cups 1998, 15 2002 19 and 2006 20 (74.2; 95% CI 67.5 to 80.9). A higher exposure-time related injury rate in futsal compared with football was also reported from a national survey on sports injuries in The Netherlands. 8 However, football is played with a running clock, while in futsal the clock is stopped when the ball is out of play (see table 1 ). Junge et al 17 have previously discussed the methodological dilemma when comparing injury incidences of different sports and concluded that it is more adequate to compare the injury rate in relation to 'athlete's exposures' or for team sports: player matches. 17 22 The injury incidence per 1000 player matches was similar in the Futsal and the Football World Cups (111.2; 95% CI 101.1 to 121.3). Almost half (48.6%) of the injuries incurred in the Futsal Word Cups were expected to prevent the player from participating in match or training but two-thirds (68%) in the equivalent football competitions. Thus, the incidence of time-loss injuries per 1000 player matches was signifi cantly lower in the Futsal than in the Football World Cups (72.4; 95% CI 62.3 to 82.5).
Similar to football injuries, 6 7 most injuries in the present study were incurred by contact with another player and affected the lower extremity. However, a more detailed comparison of injuries incurred in the Futsal and the FIFA World Cups showed that a higher percentage of futsal than football injuries were incurred without contact with another player (37% vs 27%). In addition, in futsal, fewer contact injuries were caused by foul play than in football (46% vs 56%), probably because futsal referees punished injury-causing fouls more frequently than football referees (64% vs 55%).
The majority of injuries affected the lower extremity, and the most frequent diagnoses were contusions of the lower leg and ankle sprain, as reported previously for elite male football players. 6 7 In addition, groin strains were among the three most common time-loss injuries which is different from top-level football competitions. 15 19 20 23 It can be assumed that multiple sprints with frequent changes in direction contribute to the higher proportion of non-contact injuries, such as groin strains.
Seven concussions were reported from the three Futsal World Cups compared with six in the three football world cups. If these fi gures are related to the number of player matches, the incidence of concussions was 3.6 times higher in futsal than in football (5.15 vs 1.42 per 1000 player matches, NS). In the present study, all concussions were caused by contact with another player, and half of the injury situations were classifi ed as foul play by the team physicians compared with 26% of all injuries. In international football, video analysis of the injury situation has shown that the (unfair) use of the arm to tackle the opposing player during vertical jumps was most likely to cause a head or neck injury, but none of the incidents resulting in a concussion was deemed to be a foul by the match referee. 24 Based on the results of that study, the referees of the 2006 FIFA World Cup TM were encouraged to severely sanction injurious fouls such as intentional elbows to the head. In the 2006 FIFA World Cup TM , only one concussion occurred, compared with four in 2002, and the total number of head injuries dropped from 25 to 13. 20 Future studies should investigate injury mechanisms in futsal using video analysis, which has provided valuable information about injury mechanisms in professional male football players. 25 26 Such analysis may provide additional information to develop preventive interventions to reduce the incidence of injury in futsal competitions.
The present study on injuries during top-level competitions and a Dutch national survey 8 showed that injuries are frequent in futsal. In light of the growing popularity of futsal, future studies should evaluate the incidence, characteristics and causation of injuries on all levels of play during the season as a basis for the development of injury-prevention programmes.
CONCLUSION
The exposure-time-related incidence of injury in world cups was higher in futsal than in football, but the risk of a time-loss injury in relation to player matches was lower. While the location and type of injuries were similar between the two ways of playing football, the injury mechanism varied with fewer futsal than football injuries caused by contact with another player and by foul play. However, concussions are frequent in futsal and (too) often caused by unfair tackles. More information on injury mechanisms in futsal is needed to develop specifi c injury-preventive interventions.
